described the modulation of vascular remodeling in response to a sudden decrease of shear stress induced by partial ligation of the carotid artery of different mouse strains. Although a similar study was previously conducted with similar mouse strains in which the carotid artery was totally occluded, 2 Korshunov and Berk argued that their partial ligation model is more relevant to human carotid intima-media thickness and coronary atherosclerosis and concluded from their measurements that the Glagov phenomenon has a genetic background.
To the Editor:
Drs Korshunov and Berk 1 described the modulation of vascular remodeling in response to a sudden decrease of shear stress induced by partial ligation of the carotid artery of different mouse strains. Although a similar study was previously conducted with similar mouse strains in which the carotid artery was totally occluded, 2 Korshunov and Berk argued that their partial ligation model is more relevant to human carotid intima-media thickness and coronary atherosclerosis and concluded from their measurements that the Glagov phenomenon has a genetic background.
To strengthen the relevance of their data, the authors compared their results-outward remodeling under low flow conditions-to our data in human atherosclerotic coronary arteries. 3 Indeed, we found that in segments with lumen preservation because of outward vascular remodeling, atherosclerotic plaques were observed at relatively low shear stress regions. 3 Because vascular remodeling is defined as an average over the cross section and the shear stress varies over a cross section in (curved) coronary arteries, however, it is not possible to evaluate the relationship between local vascular remodeling and eccentric low shear stress. Although attempts have been made to relate local eccentric vascular remodeling to shear stress, 4 no unambiguous method to do so exists. In contrast to Korshunov and Berk, we interpreted our data as follows. 3 In the presence of atherosclerotic risk factors, plaques start to develop eccentrically at low shear stress regions. Over time, when plaques grow and encroach into the lumen, the shear stress increases over the whole cross section, including the nondiseased plaque-free wall. Because vascular remodeling is a natural response of healthy arteries to control shear stress, the increased shear stress at the plaque-free wall induces outward remodeling, preventing lumen narrowing. Glagov already addressed the likely role of the plaque-free vessel wall in outward vascular remodeling. 5 Thus, the outward remodeling in human arteries during plaque development, which prevents lumen narrowing (the Glagov phenomenon 5 ), was explained as a response to increased shear stress. Therefore, the relevance of studying the Glagov phenomenon as a response to sustained decreased shear stress in nonatherosclerotic mice is not in line with our observations or those of Glagov.
To further relate their data to Glagov's observations, 5 Korshunov and Berk plotted lumen area relative to stenosis to determine a cutoff value for vascular remodeling, as observed in human atherosclerotic plaques. Translating the data from their Figure 5 into their Figure 6 lead to the conclusion that only one mouse strain (SJL) was responsible for the data that showed Ͼ55% stenosis. Therefore, generalization of this cutoff value for vascular remodeling seems inappropriate.
Response
In their letter, Wentzel et al ask: Can the Glagov phenomenon be studied in nonatherosclerotic mice by inducing low shear stress conditions? The first issue is how to evaluate the relationship between local vascular remodeling and local shear stress. Recent human studies 1 have shown that sites of high shear stress ( Ͼ38 dyne/cm 2 ) remodel by decreasing plaque area and increasing lumen without changes in vessel size. At sites with low shear stress ( Ͻ9 dyne/cm 2 ), lumen was maintained, despite an increase in plaque size, via an increase in vessel size. At intermediate values of shear stress (9ϽϽ38 dyne/cm 2 ), both processes occurred. These data suggest that vascular remodeling as described by Glagov can occur in regions with both low and high shear stress, although different mechanisms appear to be responsible.
A second issue is whether local remodeling is driven by the "plaque-free" artery. No data exist to support the assertion that plaque-free portions of the artery mediate remodeling. Wentzel et al 2 published data consistent with our findings that regions of low shear stress are highly associated with intima-media thickening (IMT) and outward remodeling in humans. The key finding of our article 3 was that IMT is the driving force for outward remodeling.
Wentzel et al noted that only one mouse strain (SJL) was responsible for the failure to remodel when IMT occupied Ͼ55% of lumen area. In fact, the contribution for the strains was as follows: SJL 74%, FVB 20%, C57 5%, and DBA 1%. These results suggest multiple genetic contributions in several strains.
Finally, Wentzel et al state that it is not realistic to study the Glagov phenomenon in nonatherosclerotic mice. We respectfully disagree and suggest that the initial events in vascular remodeling that are associated with atherosclerosis involve IMT. Thus, the present study is relevant to the mechanisms by which vascular remodeling is initiated, even in atherosclerosis.
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